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Quantum teleportation of a squeezed state is demonstrated experimentally. Due to some inevitable
losses in experiments, a squeezed vacuum necessarily becomes a mixed state which is no longer
a minimum uncertainty state. We establish an operational method of evaluation for quantum
teleportation of such a state using fidelity, and discuss the classical limit for the state. The measured
fidelity for the input state is 0.85± 0.05 which is higher than the classical case of 0.73±0.04. We
also verify that the teleportation process operates properly for the nonclassical state input and its
squeezed variance is certainly transferred through the process. We observe the smaller variance of
the teleported squeezed state than that for the vacuum state input.
PACS numbers: 42.50.Dv, 03.67.Hk, 03.65.Ud
I. INTRODUCTION
Quantum teleportation enables reliable transfer of an
unknown quantum state from one location to another [1].
This transfer is achieved by utilizing shared quantum
entanglement and classical communication between two
stations. The initial approaches using qubits [1, 2]
have been extended to a continuous-variable (CV) sys-
tem [3, 4] employing the Einstein-Podolsky-Rosen (EPR)
correlation [5]. So far several experiments for CVs
have been demonstrated for a coherent state input us-
ing quadrature-phase amplitudes of an electromagnetic
field mode [6, 7, 8, 9]. Teleportation of quantum en-
tanglement, i.e., entanglement swapping has been also
realized [9, 10]. Furthermore, CV teleportation has been
extended to a multipartite protocol known as a quantum
teleportation network [11, 12].
The experiments with a coherent state input have been
performed by assuming that the input is a pure state. For
such a state, there has been much investigation of fidelity
as a success criteria, and its value and the classical limit
are well understood [13, 14, 15, 16]. However the input
state would be not always pure but mixed due to some
inevitable losses and imperfection in real experiments.
Furthermore there may be a situation in which a manip-
ulated state in some imperfect quantum circuits will be
teleported as an input. In this case, the state would be
considered as a mixed state. But the success criterion
for CV teleportation of a mixed state input has not been
investigated very much so far.
In entanglement swapping, a subsystem of a bipartite
entangled state is teleported. Since the subsystem is gen-
erally a mixed state, entanglement swapping is consid-
ered as teleportation of a mixed state. The success of this
teleportation has been verified by examining quantum en-
tanglement between the output and the partner subsys-
tem [9, 10] in terms of the inseparability criterion [17, 18].
However this verification is applicable only to the case of
a bipartite entangled state or a two-mode state, and is
not applicable to the case of a single-mode mixed state
input. Therefore an operational method of verification
for a single-mode mixed state should be established.
The previous experiments for CVs have been carried
out using Gaussian states, i.e., those states whose Wigner
functions have Gaussian distribution on the phase space.
Even when a Gaussian state suffers from some losses and
becomes a mixed state, the state is just transformed into
another Gaussian state. So we focus on only Gaussian
states. In such states, single-mode mixed states are pro-
vided as displaced squeezed thermal states [19]. The fi-
delity for these states has been studied [20, 21] and ap-
plied to quantum teleportation [22]. However the success
criterion or the classical limit has not been understood
as mentioned above.
In this paper, we experimentally demonstrate CV tele-
portation of a squeezed vacuum which belongs to Gaus-
sian states. Due to some inevitable losses in real exper-
iments, a squeezed vacuum is degraded and necessarily
becomes a mixed state which is no longer a minimum
uncertainty state and called a squeezed thermal state.
However, as long as its squeezed variance is smaller than
the vacuum variance, we call the mixed state a squeezed
vacuum in the present work. Note that general squeezed
thermal states include both the squeezed vacuum states
and the states with the squeezed variances larger than
the vacuum variance.
We investigate quantum teleportation of a squeezed
vacuum state and calculate the fidelity given in Refs. [20,
21, 22]. We establish an operational method of evaluation
for the teleportation of the mixed state and discuss the
classical limit for the state. Moreover we also verify that
the teleportation process operates properly for a squeezed
2vacuum input, and we observe that the squeezed variance
of the input is certainly teleported.
This paper is organized as follows: In Sec. II, we de-
scribe a squeezed state which is an input state in our
teleportation. In Sec. III, we briefly summarize the pro-
cedure of quantum teleportation and explain in detail
our experimental set-up. In Sec. IV, we show the ex-
perimental results and calculate the fidelity. In Sec. V,
we discuss the classical limit for a set of mixed squeezed
states. Section VI is for conclusion.
II. A SQUEEZED THERMAL STATE
We consider quantum teleportation of a squeezed vac-
uum state of an electromagnetic field mode. The field
mode can be represented by an annihilation operator
aˆ [23], whose real and imaginary parts (aˆ = xˆ+ ipˆ) corre-
spond to quadrature-phase amplitude operators with the
canonical commutation relation [xˆ, pˆ] = i/2 (units-free,
with ~ = 1/2). In this notation, the variances of a vac-
uum state are given by 〈(∆xˆ)2〉vac = 〈(∆pˆ)2〉vac = 1/4.
A squeezed vacuum state is defined as the state which
has reduced variance from the vacuum variance in one
quadrature at the expense of increased variance in the
other, for example, 〈(∆xˆ)2〉 < 1/4 < 〈(∆pˆ)2〉 [23]. This
state belongs to the class of minimum-uncertainty states:
〈(∆xˆ)2〉 × 〈(∆pˆ)2〉 = 1/16.
However, for any real experiments, one usually obtains
a squeezed vacuum state which suffers from some in-
evitable losses. Such a squeezed vacuum is not a pure
but mixed state. This is certainly true of our squeezed
vacuum input. This mixed squeezed vacuum is regarded
as a squeezed thermal state. Assuming that x quadrature
is squeezed, its variances are written as follows:{
σxin = 〈(∆xˆin)2〉 = e−2r coth(β/2)/4
σp
in
= 〈(∆pˆin)2〉 = e+2r coth(β/2)/4 , (1)
where r is the squeezing parameter and coth(β/2)/4 is
the variance of an initial thermal state. β is the inverse
temperature 1/2kBT where kB is the Boltzmann constant
and T is temperature. Accordingly a squeezed thermal
state is no longer the minimum-uncertainty state: σxin ×
σp
in
> 1/16.
Let us consider quantum teleportation of a more gen-
eral squeezed thermal state, i.e., a displaced squeezed
thermal state with some rotation in the phase space. This
state may be also the most general Gaussian state [19].
The Wigner function of such a Gaussian state is given
by [21]
W (x′, p′) =
1
2pi
√
σx
in
σp
in
exp
{
− 1
2σx
in
(x′ − x0)2
− 1
2σp
in
(p′ − p0)2
}
, (2)
where x′, p′ are coordinates rotated from x and p axes by
an angle θ in the phase space: x′ = x cos θ+ p sin θ, p′ =
−x sin θ+p cos θ. x0 and p0 represent displacement of the
state α0 = x0+ ip0. From Eqs. (1) and (2), the Gaussian
state can be fully characterized by four parameters r, β,
θ and α0.
In a teleportation process, displacement α0 of an input
state can be easily reconstructed at the output station
by setting gains of classical channels to unity. This ex-
act reconstruction of the displacement is the definition
of unity gain. Note that the unity gains are calibrated
by using a strong field with a sufficiently large displace-
ment |α0| ≫ 1 which is treated classically [8]. It follows
from unity gain that the fidelity, which is the overlap be-
tween input and output states, does not depend on their
displacement [20, 21]. Thus we just perform the telepor-
tation of a squeezed state with a particular displacement;
α0 = 0 in our experiment.
Furthermore the coordinates, namely the angle θ, can
be experimentally adjusted in such a way that the angle
for the output is coincided with that for the input. Note
that this adjustment of the angle is also made with the
strong (classical) field. As a result, the fidelity does not
also depend on the (relative) angle [20, 21]. Therefore we
carry out the teleportation experiment with θ = 0.
Accordingly we just examine the teleportation of a
squeezed thermal state with the variances of σxin and σ
p
in
of Eq. (1). In a broad sense, such states include the states
whose squeezed variances are not smaller than the vac-
uum variance, namely σxin ≥ 1/4. In the present work,
however, we teleport a squeezed vacuum state with the
squeezed variance σxin < 1/4 (see Fig. 2).
III. TELEPORTATION PROCEDURE
In this section, we briefly summarize the procedure
of CV teleportation and describe our experimental set-
up. The scheme of the procedure is outlined in Fig. 1.
First sender Alice and receiver Bob share entangled
EPR beams, which can be generated by combining two
squeezed states at a 50/50 beam splitter (BS). One of the
EPR beams is sent to Alice (mode 1) and the other is to
Bob (mode 2). For the purpose of verifying the proto-
col, an input state is created by Victor (the “verifier”).
Note that an input state is unknown to both Alice and
Bob in an ideal case. Alice combines the mode 1 and an
input state at a 50/50 BS, and then measures x and p
quadratures by two homodyne detectors; x for one beam
(Ax) and p for the other (Ap). This measurement corre-
sponds to the Bell-state measurement for CVs [4]. The
output photocurrents of measurement results are trans-
mitted to Bob through classical channels. After receiv-
ing the classical information from Alice, Bob reconstructs
the teleported output state by performing a phase space
displacement on the mode 2 beam. His displacement pro-
cess consists of two parts. One is amplitude and phase
modulations of a light beam (AM and PM) based on
the classical information from Alice, because we define
the quantum state to be frequency sidebands at ±1MHz
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FIG. 1: Schematic setup of the experiment for quantum tele-
portation of a squeezed state. OPOs represent optical para-
metric oscillators. AM and PM denote amplitude and phase
modulators. LOs are local oscillators for homodyne detection.
The ellipses indicate the squeezed quadrature of each beam.
All beam splitters except 99/1BS are 50/50 beam splitters.
Symbols and abbreviations are defined in the text.
(with a bandwidth of 30kHz). The other is the coherent
combination of this modulated beam and the mode 2 at
a highly reflecting mirror (a 99/1 BS in our experiment).
In the absence of losses, the variances σxout and σ
p
out
associated with the output state are written by [6]
σxout = g
2
xσ
x
in +
e−2r−(1 + gx)
2
8
+
e+2r+(1 − gx)2
8
,(3)
σpout = g
2
pσ
p
in
+
e−2r−(1 + gp)
2
8
+
e+2r+(1 − gp)2
8
, (4)
where r−, r+ are the squeezing and the antisqueez-
ing parameters for squeezed states used to generate the
EPR beams. gx and gp are suitably normalized gains
of classical channels and defined as gx = 〈xˆout〉/〈xˆin〉
and gp = 〈pˆout〉/〈pˆin〉. When the gains are adjusted to
unity, the displacement of an input state is properly re-
constructed at Bob’s station.
Finally Victor analyzes an output state from Bob’s sta-
tion. In our experiment, we verify that the squeezed
variance of a squeezed vacuum state is properly trans-
ferred. When the state is teleported with gx = gp = 1,
the teleported state should show the smaller variance in
x quadrature than that for the case of a vacuum input
(r = 0, β →∞):
(σxout)sq < (σ
x
out)vac. (5)
This is because the variance σxin in the present work is
smaller than the vacuum variance of 1/4. Although some
losses are inevitable and the gains might slightly differ
from unity in real experiments, the relation of Eq. (5)
should be satisfied in our work. Similarly, the inequality
of (σpout)sq > (σ
p
out)vac should be expected to hold. We
verify that the quantum teleportation process satisfies
these inequalities.
We also verify success of quantum teleportation by us-
ing a fidelity. When an input state is a mixed state, the
fidelity is described as follows [24]:
F =
{
Tr
[(√
ρˆinρˆout
√
ρˆin
)1/2]}2
. (6)
This is an overlap between an input state ρˆin and an out-
put state ρˆout. If an input is a pure state |ψin〉, the fidelity
F becomes F = 〈ψin|ρˆout|ψin〉. In the ideal quantum tele-
portation, the fidelity goes to unity, F=1, whereas F=0
means that the teleported state is orthogonal to the input
state.
Our experimental setup is shown in Fig. 1. We gen-
erate three independent squeezed vacuum states. One of
these states is used as an input for teleportation and the
other two are used to produce entangled EPR beams.
In order to generate each squeezed vacuum state, we
use a subthreshold degenerate optical parametric oscilla-
tor (OPO) with a 10mm long potassium niobate crystal
(KNbO3). The crystal is temperature-tuned for type-I
noncritical phase matching. Each OPO cavity is a bow-
tie-type ring cavity which consists of two spherical mir-
rors (radius of curvature 50mm) and two flat mirrors.
The round trip length is 500mm and the waist size in the
crystal is 20µm. The output of a Ti:Sapphire laser at
860nm is frequency-doubled in an external cavity with
the same configuration as the OPOs and divided into
three beams to pump the three OPOs.
EPR beams are generated by combining two squeezed
vacuum states from OPO1 and OPO2 at a 50/50 BS
with a pi/2 phase shift as shown in Fig. 1. We charac-
terize the quantum entanglement with the inseparability
criterion proposed in Refs. [17, 18] and obtain the result
of 〈[∆(xˆ1 − xˆ2)]2〉 + 〈[∆(pˆ1 + pˆ2)]2〉 = 0.47 ± 0.04 < 1.
This result shows the existence of quantum entanglement
between the EPR beams.
The normalized gains of two classical channels are ad-
justed in the manner of Ref. [8]. We obtain the measured
gains of gx = 0.98 ± 0.04 and gp = 0.98 ± 0.03, respec-
tively. For simplicity, these gains are fixed throughout
the experiment and treated as unity.
IV. RESULTS
Before performing teleportation, we first measure the
input squeezed vacuum state at the Ap homodyne de-
tector at Alice by removing Alice’s 50/50 BS. Figure 2
shows the measurement results. The squeezing and an-
tisqueezing are −2.66±0.49dB and 7.45±0.17dB, respec-
tively, compared to the vacuum noise level. Visibility
between the input and LO at Ap detector is 0.968. From
this visibility and the results, we infer −2.92 ± 0.56dB
of squeezing σxin and 7.68±0.27dB of antisqueezing σpin,
where we assume that x quadrature is squeezed. In the
teleportation experiment, the relative phase of the input
is properly adjusted and locked.
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FIG. 2: The measurement results on the input squeezed state
recorded by the Ap homodyne detector with Alice’s 50/50 BS
removed. Trace (i) shows the corresponding vacuum noise
level; trace (ii) is the variance of the squeezed state with the
LO phase scanned; traces (iii) and (iv) are the minimum and
the maximum noise levels with the LO phase locked. The
measurement frequency is 1 MHz, and the resolution and
video bandwidth are 30 kHz and 300 Hz, respectively. All
traces except for (ii) are averaged ten times.
We then proceed to the experiment of teleportation.
Figure 3 shows the Victor’s measurement results of the
output state from Bob. First we consider the case with-
out EPR beams in Fig. 3(a), which is so-called classical
teleportation. In this case, the variances are somewhat
large due to the quduty that must be paid for crossing the
border between quantum and classical domains [4]. We
observe the noise levels of 4.86±0.20dB and 4.92±0.20dB
in x and p quadratures for the vacuum input. These levels
correspond to three units of the vacuum variance (4.77dB
in a logarithmic scale): one from the input intrinsic vari-
ance and two units from the quduty [4]. For the squeezed
vacuum input, we observe the minimum noise level of
4.12±0.23dB in x quadrature and the maximum noise
level of 8.92±0.16dB in p quadrature in this classical tele-
portation.
Next we carry out quantum teleportation with EPR
beams as shown in Fig. 3(b). In the case of a vac-
uum input, the output variances are reduced from the
classical case due to the quantum entanglement. We ob-
tain the noise levels of 2.90±0.21dB and 3.01±0.19dB,
respectively, for (σxout)vac and (σ
p
out)vac. The noise re-
duction from the classical teleportation indicates the suc-
cess of quantum teleportation of the vacuum. Based on
these variances and the measurement results σxin, σ
p
in
of
the squeezed input, we can calculate the expected out-
put variances (σxout)sq and (σ
p
out)sq for our squeezed in-
put using Eqs. (3) and (4). The calculated variances are
1.71±0.58dB and 8.24±0.31dB for (σxout)sq and (σpout)sq,
respectively.
The squeezed vacuum state shown in Fig. 2 is subse-
quently teleported. We obtain the minimum noise level
of 2.03±0.24dB for (σxout)sq and the maximum noise level
-2.0
0.0
2.0
4.0
6.0
8.0
10.0
12.0
0.00 0.02 0.04 0.06 0.08
N
oi
se
 P
ow
er
 (d
B)
Time (s)
(a)
(i)
(ii)
(iii)
(iv)
0.00 0.02 0.04 0.06 0.08 0.10
Time (s)
(b)
(i)
(ii)
(iii)
(iv)
FIG. 3: The measurement results on the output states
recorded by Victor in x quadrature, where (a) classical tele-
portation without the EPR beams, (b) the teleportation with
the EPR beams; (i) the corresponding shot noise level, (ii)
the vacuum state input, (iii) the squeezed state input with
the phase of the input state scanned, and (iv) the minimum
noise levels with the phase of the input state locked. The
measurement conditions are the same as for Fig. 2.
of 8.18±0.17dB for (σpout)sq (not shown), respectively,
which are in good agreement with the expected variances.
The squeezed variance of the teleported state is clearly
smaller than that of the teleported vacuum state in x
quadrature, and then the inequality (σxout)sq < (σ
x
out)vac
is satisfied. Similarly the inequality (σpout)sq > (σ
p
out)vac
holds. Therefore the squeezed variance of our squeezed
vacuum input is certainly teleported. We verify that the
teleportation process operates properly for the nonclas-
sical input of the squeezed vacuum.
Note that the observed squeezed variance of the tele-
ported state is larger than Victor’s shot noise level, which
shows that the output state is not a nonclassical state. In
order to get a nonclassical state at Bob’s place, the quan-
tum entanglement with stronger nonclassical correlation
is required. If an input squeezed state and two squeezed
states used for the generation of EPR beams have the
same degree of squeezing, more than 4.77dB squeezing is
needed. It is a next challenge to generate a teleported
state whose variance is below the shot noise level.
We next evaluate the success of the teleportation pro-
cess by a fidelity. The process can be regarded as a gen-
eralized thermalizing quantum channel [25] and does not
alter the Gaussian character of an input state. Assuming
both input and output states show Gaussian distribution
without displacement, we can characterize these states
by measuring the variances σxj and σ
p
j (j = in, out) like
Eq. (1).
Since a vacuum is one of coherent states, the fidelity
Fvac for the vacuum teleportation at unity gains is simply
5given by [14]
Fvac =
2√
(1 + 4σxout)(1 + 4σ
p
out)
. (7)
From the measured variances, we obtain the fidelity of
0.67±0.02 for quantum teleportation of a vacuum input,
which exceeds the classical limit of 0.5 [13, 14]. This
result clearly shows the success of quantum teleportation
of a vacuum state. But we cannot apply this classical
limit to the case of the squeezed state input, since the
fidelity depends on an input state like Eq. (6).
It could be considered that a (mixed) squeezed vac-
uum input is transformed into a squeezed thermal state
through the imperfect teleportation process. For these
squeezed states, the fidelity Fsq in Eq. (6) can be calcu-
lated explicitly as follows [20]:
Fsq =
2 sinh(βin/2) sinh(βout/2)√
Y − 1 , (8)
Y = cosh2(rin − rout) cosh2[(βin + βout)/2]
− sinh2(rin − rout) cosh2[(βin − βout)/2].
From Eq. (1), the squeezing parameter rj and the inverse
temperature βj are given by
rj =
1
4
ln
(σpj
σxj
)
, βj = ln
(
1 +
2
4
√
σxj σ
p
j − 1
)
, (9)
where j = (in, out). Thus we can calculate the fidelity
from the measured variances.
We apply the fidelity Fsq to the particular input state
in this experiment. The fidelity for the “perfect” classical
teleportation could be calculated from the measurement
results on the input state shown in Fig. 2. The fidelity
for the classical teleportation FCsq is calculated as 0.73±
0.04, and we regard this value as the classical limit for
the input. The measured fidelity of the classical case
without the EPR beams is 0.73± 0.05, which is in good
agreement with the classical limit. In the quantum case
with the EPR beams, we obtain the result of FQsq = 0.85±
0.05 which is higher than the classical limit. This fact
shows the success of quantum teleportation and it means
that the teleported state in the quantum teleportation is
more close to the input state than that in the classical
teleportation.
V. DISCUSSION
Here we discuss the classical limit for a set of squeezed
thermal states. The classical limit for the set has not
been investigated so far.
In the case of a set of coherent states, the classical
limit of 0.5 is derived by averaging the fidelity for coher-
ent states randomly chosen from the set [13, 14]. A co-
herent state is characterized only by one parameter, i.e.,
its displacement. Thus the displacement is randomly se-
lected in the derivation of the limit, and the fidelity of
each state is averaged over the set.
From Eq. (2), however, a squeezed thermal state is
fully characterized by four parameters; displacement α0,
an angle θ, inverse temperature β and squeezing r. In
order to derive the classical limit for a set of squeezed
thermal states, these four parameters should be chosen
randomly or with some probability, and the classical limit
is calculated by averaging the fidelity over the set. How-
ever, as mentioned in Sec. II, the fidelity does not depend
on α0 and θ at the appropriate setting in the teleporta-
tion process. Thus we just consider only two parameters
β and r.
Now we investigate the dependence of the fidelity Fsq
on the variance coth(β/2) and the antisqueezing e+2r
rather than β and r. In particular, coth(β/2) is the
variance of a thermal state, normalized to the vacuum
variance, and it may indicate the mixedness of a squeezed
thermal state. From Eq. (1) and the results of Fig. 2, our
input squeezed vacuum shows 2.39±0.31dB of coth(β/2)
and 5.06±0.26dB of e+2r.
Using these values and Eqs. (3) and (4), we can calcu-
late the fidelity FCsq for “perfect” classical teleportation,
which is plotted as a function of coth(β/2) and e+2r in
Fig. 4. The trace in Fig. 4(a) shows the dependence of FCsq
on the variance coth(β/2) with the fixed antisqueezing
e+2r of 5.06dB. On the other hand, the trace in Fig. 4(b)
shows the dependence of FCsq on the antisqueezing e
+2r
with the fixed variance coth(β/2) of 2.39dB. The mea-
sured fidelity FQsq = 0.85 ± 0.05 is plotted as the cross
“×”, which is larger than the fidelity FCsq = 0.73 ± 0.04
for our input state.
In Fig. 4(a), the fidelity FCsq increases from 0.44 at 0dB
of coth(β/2), as the variance coth(β/2) or the mixedness
increases. The variance of 0dB corresponds to a pure
squeezed vacuum with 5.06dB squeezing. The fidelity
of 0.44 at 0dB is slightly smaller than 0.5 for a vacuum
state, which indicates that a pure squeezed state is more
fragile than a vacuum state through a classical telepor-
tation process. This agrees with the fact that it is not
possible to transfer the nonclassical feature of squeezing
in classical teleportation. In the limit of coth(β/2)→∞
or T →∞ where an input state may become completely
mixed and classical, the fidelity FCsq goes to unity. Note
that the fidelity is very sensitive to small amounts of
mixedness [21].
On the other hand, in Fig. 4(b), the fidelity FCsq de-
creases from 0.84 at 0dB of e+2r, as the antisqueezing
increases. The tendency of FCsq means that it is more dif-
ficult to transfer a squeezed thermal state with a larger
degree of squeezing through the classical teleportation.
The value of 0.84 at 0dB of e+2r is much larger than 0.5,
which shows that a thermal state can be more easily tele-
ported than a vacuum through a classical teleportation
process. This fact indicates that the fidelity varies sen-
sitively with the mixedness (2.39dB of coth(β/2) in our
experiment).
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FIG. 4: The calculated fidelity FCsq between the input and
the output. (a) the dependence of FCsq on the variance
coth(β/2) with the fixed antisqueezing e+2r of 5.06dB. The
measured value of the fidelity FQsq is plotted as the cross “×”
at coth(β/2) of 2.39dB. (b) the dependence of FCsq on the an-
tisqueezing e+2r with the fixed variance coth(β/2) of 2.39dB.
The measured value of the fidelity FQsq is plotted as the cross
“×” at e+2r of 5.06dB.
As mentioned before the classical limit can be obtained
by averaging the fidelity FCsq over the set of input states
which are characterized by β and r, or the variance
coth(β/2) and the antisqueezing e+2r. The question is
to what extent the set should covers values of coth(β/2)
and e+2r. Concerning the variance of coth(β/2), some
states with coth(β/2) ≫ 1 would be treated as classical
thermal states. They could be easily teleported in clas-
sical teleportation with almost unity fidelity as shown in
Fig. 4(a). If the set of interest contains such classical
states, the value of the classical limit would increase. On
the other hand, the fidelity shows a decreasing tendency
with the antisqueezing e+2r as shown in Fig. 4(b). When
the fidelity is averaged over the whole range of e+2r, the
classical limit would become small value. Therefore the
classical limit depends strongly on an input set and the
situation where the set is used. It is difficult to calculate
the general classical limit for an input set which includes
the state with coth(β/2) and e+2r chosen from the whole
range of them.
Finally note that the fidelity is strongly dependent on a
set of input states, and very sensitive to mixedness of the
states. Therefore the fidelity may not be good measure
of a success criterion of quantum teleportation, especially
for a mixed state, as argued in Ref. [21]. The establish-
ment of the criterion for the mixed state is needed.
VI. CONCLUSION
We have demonstrated CV quantum teleportation of a
squeezed vacuum state and calculated the fidelity for the
state. The measured fidelity of the squeezed state input
in the quantum teleportation is 0.85±0.05 which is higher
than the classical case 0.73±0.04. This result shows that
the teleported state in the quantum teleportation process
is more similar to the input state than that in the classical
teleportation.
We have also established an operational method of
evaluation for quantum teleportation of a squeezed ther-
mal state, and discussed the classical limit for a set of
squeezed thermal states. Four parameters defined in
Eqs. (1) and (2) can be experimentally tunable. For ex-
ample, the antisqueezing e+2r can be varied with pump
power of OPO, and displacement α0 can be adjusted
through a displacement operation. However the general
classical limit and the success criterion (with or without
fidelity) for mixed states remain a topic for future study.
Furthermore we have observed the smaller variance of
a teleported squeezed state than that for the case of a
vacuum state input. This means that the nonclassical
feature of a squeezed vacuum state is preserved through-
out the teleportation process. It is a next challenge to
generate a teleported state whose variance is below the
shot noise level. In CV quantum teleportation and quan-
tum information processing, it is important to transfer
the squeezing and to reconstruct a squeezed state at the
receiving station.
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